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DETAILED ACTION 



Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. Claims 1-17 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
combination of Madsen (US 5953467) and Besse (US 5689597). 
Regarding claim 1, Madsen teaches a multimode interference based coupler 

(shown at least in fig. 1 , see last 6 lines of abstract) comprising: 

(a) at least one input access waveguide A for inputting an input optical signal 
into a first end of the multimode interference based coupler (see fig. 1, item input 
waveguide A; also col. 3, lines 49-50 and col. 1, lines 55-61); 

(b) at least one output access waveguide for outputting images of the input 
optical signal from a second end of the multimode interference based coupler (see fig. 
1 , item output waveguide B; also col. 3, lines 49-50 and col. 1 , lines 55-61); and 

(c) a multimode region coupling the one or more input waveguides to the one 
or more output waveguides through which the input optical signal propagates from the 
first end to the second end along a propagation axis and is reimaged at the one or more 
output access waveguides (see fig. 1 , items input/output waveguides A,B,C, and D; also 
col. 3, lines 49-50 and col. 1, lines 55-61), wherein 
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• (i) the multimode region has two opposing sidewalls which define a width of 
the coupler at each point along the propagation axis (shown at least in figures 1 and 7, 
items sidewalls of coupler(s) which define a width of the coupler— i.e., 14- at each point 
along the propagation axis; see also col. 7, lines 17-34); 

(ii) at least one of the sidewalls of the multimode region has a non-linear 
taper inward toward the opposing sidewall (see fig. 1 , item coupler 14, in which its 
region has a non-linear taper inward toward the opposing sidewall, both at top and 
bottom); and 

(iii) the sidewalls are smoothly continuous with continuous derivates along the 
propagation axis (see fig. 1 , item coupler 14 having a curve-like continuous derivates, at 
top and bottom along the propagation axis). 

However, Madsen does not specifically teach wherein the above tapered 
sidewalls have an average width along the propagation axis that is less than the 
average width had the sidewalls both been straight lines. This limitation is more 
specifically taught by Besse. Besse teaches a multimode interference based coupler 
(see abstract) that includes the above limitation (show at least in figures 2, 4 and 5; see 
also abstract and col. 9, line 61 -col. 10, line 29+; wherein, using equation 2, the 
geometric shaping or reshaping of the length of the coupler, where the length of the 
coupler is reduced with respect to the width of the coupler would include the above 
limitations). Thus, Besse provides optimizing signal intensity and phase distribution of 
MMI couplers by geometrical shaping of couplers (see col. 4, lines 21-28). Therefore, it 
would have been obvious to a person of ordinary skill in the art when the invention was 
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made to modify Madsen's coupler 14, using Besse's equation 12 with respect to 
geometric shaping of coupler in order to produce an MMI coupler that includes the 
above limitation, since the resultant MMI would provide gain equalization in add/drop 
optical channel in multi-channel MMI optical communications (see col. 1, lines 5-8). 

Regarding claim 2, as stated in rejection of claim 1, Madsen further teaches 
wherein both sidewalls have non-linear inward tapers toward the opposing sidewall with 
the taper of both sidewalls being symmetric reflections about a center line along the 
propagation axis (see fig. 1 , item coupler 14, in which its region has a curved-like non- 
linear taper inward toward the opposing sidewall being symmetric reflections about a 
center line along the propagation axis). 

Regarding claim 3, as stated in rejection of claim 1, Madsen further teaches 
wherein the tapers have a single extrema within the multimode region where the 
derivative along the propagation axis is zero (see fig. 1 , item coupler 14, in which 
continuous curve/derivative where the curvature of the coupler ends, there would be no 
more curve/derivative and thus the derivative is zero). 

Regarding claim 4-1 1 , as stated in rejection of claims 1 and 3, Madsen further 
teaches wherein the coupler has equal widths at the first end and the second end, 
wherein the two sidewall tapers are symmetric about a center line, orthogonal to the 
propagation axis, midway between the first end and the second end of the coupler (see 
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fig. 7\ items symmetric sidewalls, normal to propagation path), wherein the input and 
output access waveguides couple to the multimode region at an angle so to match a 
local taper angle at the ends of the MMI region (see fig. 8, items angled waveguides 
matching the tapered sidewalls 80), wherein the taper shape is parabolic, hyperbolic, 
elliptical or cosinusoidal (see fig. 1 , in which the taper shape is parabolic, hyperbolic, 
elliptical or cosinusoidal). 

Regarding claim 12, as stated in rejection of claim 1, Madsen further teaches 
wherein the taper maximum curvature, as characterized by the second derivative of the 
taper along the propagation axis is limited such that the adiabaticity of guided modes is 
substantially maintained (see fig. 1 , item coupler 14, in which the coupler 14 taper 
maximum curvature shows the maintenance of the adiabaticity of guided modes as 
characterized by the second derivative of the curved-like taper along the propagation 
axis). 

With respect to claim 13, Madsen teaches a 2x2 multimode based power splitter 
(shown at least in fig. 1 and 7-8, see last 6 lines of abstract; wherein the MMI coupler is 
a splitter/combiner coupler) comprising: 

(a) two input access waveguides for inputting an optical signal into a first end 
of the power splitter (see fig. 6, item input waveguides inputting an optical signal into a 
first end of the power splitter 50/10; see col. 4, lines 59-67; wherein the MMI coupler is a 
splitter/combiner coupler shown in fig. 1 and 12-13); 
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• (b) two output access waveguides for outputting two images of the input 
optical signal from a second end of the power splitter (see fig. 6, item output 
waveguides inputting an optical signal into a first end of the power splitter 50/10; see 
col. 4, lines 59-67, wherein the MMI coupler is a splitter/combiner coupler shown in fig. 
1 and 12-13); and 

(c) a multimode region coupling the two input waveguides to the two output 
waveguides through which the input optical signal propagates along a propagation axis 
and is reimaged as two images of the input signal (see fig. 6, item input-output 
waveguides; also col. 4, lines 59-67), wherein 

(i) the multimode region has two opposing sidewalls which define a width of 
the power splitter at each point along the propagation axis with the width of the first end 
and second end being substantially equal (shown at least in figures 1 and 7, items 
sidewalls of coupler(s) whit equal widths at the first and second ends of the coupler— 
i.e., 14-; see also col. 7, lines 17-34); and 

(ii) the sidewalls are symmetrically tapered inward toward each other around 
a center line of the propagation axis wherein the taper is a continuous curve having a 
continuous derivative along the propagation axis with a single extrema, within the MMI 
region where the derivative along the propagation axis is zero (see fig. 1 , item coupler 
14 having to/bottom symmetrically tapered and curve-like continuous derivates which in 
which continuous curve/derivative where the curvature of the coupler ends, there would 
be no more curve/derivative and thus the derivative is zero). 
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• However, Madsen does not specifically teach wherein the images having 
approximately half the intensity of the input signal. This limitations are more specifically 
taught by Besse. Besse teaches a multimode interference based coupler with 
controllable output image intensities that includes the above limitation (see abstract and 
col. 2, lines 11-12; also col.. 4, lines 21-29); Thus, Besse provides optimizing signal 
intensity and phase distribution of MMI couplers by geometrical shaping of couplers 
(see col. 4, lines 21-28). Therefore, it would have been obvious to a person of ordinary 
skill in the art when the invention was made to modify Madsen's coupler 14, using 
Besse's equation 12 with respect to geometric shaping of coupler in order to produce an 
MMI coupler that includes the above limitation, since the resultant MMI would provide 
gain equalization in add/drop optical channel in multi-channel MMI optical 
communications (see col. 1, lines 5-8). 

Regarding claim 14, as stated in rejection of claim 13, Madsen further teaches 
wherein the taper is symmetric about a center line orthogonal to the propagation axis 
midway between the first end and the second end of the power splitter (see fig. 7, items 
symmetric tapered sidewalls are normal to propagation path at the ends of the coupler). 

Regarding claims 15-17, the arguments presented in rejection of claims 11,9 
and 12, above, are, consecutively, analogous in rejection of claims 15-17. 
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Citation of Relevant Prior Art 

3. Prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. In accordance with MPEP 707.05 the following references are pertinent in 
rejection of this application since they provide substantially the same information 
disclosure as this patent does. These references are: 

Stockmann et al. 4362357 
Besse WO 95/12828 
Kenneyetal. 5970186 
Heidrich et al. 6061481 
Henry etal 5048909 

These references are cited herein to show the relevance of the apparatus/methods 
taught within this reference as prior art. 

Contact Information 

4. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Kaveh Cyrus Kianni whose telephone number is (703) 308-1216. 

The examiner can normally be reached on Monday through Friday from 8:30 a.m. to 6:00 p.m. If 
attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 
Frank Font, can be reached at (703) 308-4881 . 

Any response to this action should be mailed to: 

Commissioner of Patents and Trademarks 
Washington, D.C. 20231 
or faxed to: 

(703) 308-7722, (for formal communications intended for entry) 

or: 
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(703) 308-7721, (for informal or draft communications, please label 
"PROPOSED" or "DRAFT") 

Hand delivered responses should be brought to Crystal Plaza 4, 2021 South 
Clark Place, Arlington, VA., Fourth Floor (Receptionist). 

Any inquiry of a general nature or relating to the status of this application should be 
directed to the Group Receptionist whose telephone number is (703) 308-0956. 

Kevin Cyrus Kianni Frank Font 

Patent Examiner Supervisory Patent Examiner 

Group Art Unit 2877 Group Art Unit 2877 

Decemlter17, 2002 



Primary Patent Examiner 
Technology Center 2800 



